Objectives: Despite improved techniques in repair of cleft palate, failure of healing of palatal structures resulting in a palatal fistula is one of the major challenges in the practice of reconstructive surgery. The aim of this study is to evaluate treatment success and failure in patients with palatal fistulas following cleft palate repair. Patients and Methods: Totally 44 patients with a history of cleft palate who underwent surgery for palatal fistula were included in this study undertaken between January 1999 and August 2014. Fistulas were classified as anterior and posterior according to the repair technique and were repaired using one of the following techniques: buccal mucosal flap, tongue flap or mucoperiosteal flap. Results: Success rate for anterior fistulas was 71.42% with tongue flap and 76.92% with mucoperiosteal flap. Success rate for posterior fistulas was 84.62% with mucoperiosteal flap and 75% with buccal mucosal flap. Difference in success rates between the anterior and posterior fistulas was not statistically significant. Conclusion: Our study results suggest the use of mucoperiosteal flaps for both anterior and posterior fistulas smaller than 5mm as the first choice, guided by the principle of replacing absent tissue with similar tissue.
INTRODUCTION
Despite improved techniques in repair of cleft palate, failure of healing of the palatal structures resulting in a palatal fistula is one of the major challenges in the practice of plastic and reconstructive surgery which prevents favorable outcomes in cleft palate repair. The formation of a post-palatoplasty fistula has been shown to be associated with the severity and the type of cleft, the repairing technique, timing of the repair, experience of the surgeon, tension at the suture site, hemorrhage, infection, postoperative anemia, and lack of postoperative follow-up [1] [2] [3] . The main goal of cleft palate repair is to allow for speech development and dental hygiene without disturbing midface development. Accordingly, cleft palate repair is usually performed in the first year of life before the child starts to speak. A palatal fistula, which occurs in 4 to 25% of cases, is a complication of cleft palate repair [4] [5] [6] [7] [8] [9] [10] . The indications for a fistula repair depend on the related symptoms. The most common symptoms include nasal emission causing speech distortions, leakage of fluid and food into the nasal cavity leading to poor oral hygiene, and foul smell. It is wellestablished that fistulas causing speech disturbances should be repaired as soon as possible, while small fistulas which do not affect speech with occasional regurgitation of fluid/food into nose can be delayed [11] . Until now, several attempts have been made for the classification of palatal fistulas according to the site [1, 12, 13] . Classification of fistulas based on the difficulty index has been proposed to help in preoperative management of the outcomes [13] . Initially, palatal fistulas were classified as anterior, middle (i.e., at the junction of the soft and hard palate), and posterior. [2] . In a series of 64 patients, the hard-soft palate junction was the most common site (53.1%) [14] . Although, palatal fistulas are common morbidities following cleft palate repair, there is no established treatment algorithms. In the present study, we aimed to evaluate treatment success and failure in patients with palatal fistulas following cleft palate repair. 
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PATIENTS and METHODS
This retrospective study was conducted at the Department of Plastic, Reconstructive and Aesthetic Surgery, Marmara University Training and Research Hospital, between January 1999 and August 2014. A total of 51 patients with a prior history of cleft palate underwent surgery for palatal fistulas. Exclusion criteria were as follows: having a fistula following tumor surgery; having a traumatic fistula; asymptomatic fistulas and being lostto-follow-up. Finally, a total of 44 patients who were operated for a palatal fistula following cleft palate repair were included in the study. A written informed consent was obtained from each patient. The study was reviewed and approved by the Marmara University, School of Medicine Ethics Committee (protocol number: 952). The study was conducted in accordance with the principles of the Declaration of Helsinki. Data regarding demographic and clinical characteristics of the patients including age, sex, primary cleft type, technique of primary repair, age at primary closure, symptoms, size, location, age at fistula repair, type of fistula repair, velopharyngeal function, orthodontic treatment, and outcome were retrospectively retrieved from the hospital archives. In addition, local tissue availability, scar tissue formation, inflammation, oral hygiene, and other surgical procedures were evaluated to select the most appropriate fistula repair technique. Pre-, intra-, and postoperative images were also evaluated. In the present study, palatal fistulas were classified as anterior and posterior based on repair technique, and a fistula at the hard-soft palate junction was considered a posterior fistula.
Surgical techniques
Palatal fistulas were repaired by one of the following techniques: Buccal mucosal flap, tongue flap and mucoperiosteal flap.
Buccal mucosal flap
The buccal mucosal flap, originally described in 1969 by Mukherji as a cheek flap, is used in primary palatoplasty [15] . This technique is particularly advantageous, when the fistula is localized at the hard-soft palate junction. The buccal mucosal flap is a posteriorly based random pattern flap, and its base is located near the retromolar trigone. The distal end of the flap is located slightly below the oral commissure, and one structure which requires particular care during flap harvesting is the papilla of the parotid duct. The flap, if necessary, can be harvested from both sides and can be used both for the oral and nasal layer closure. The part of the buccinator muscle can be also incorporated in the flap to make it more robust. In that case, the flap is called a buccinator myomucosal flap [16] .
Tongue flap
This is a two-stage procedure. The use of the lingual tissue in palatal fistula repair was reported more than five decades ago by Santos and Altamirano [17] . It has been shown that this technique is safe and well-tolerated by children, when applied properly. The flap is indicated for larger fistulas where there is a significant tissue deficit in the oral mucoperiosteal layer. The flap can be anteriorly or posteriorly located, depending on the site of the fistula. In our study, we used an anteriorbased tongue flap. A good nasal layer repair was necessary for the treatment success. Detachment was done at the fourth postoperative week (Figure 1, 2) . The donor area was almost always closed primarily. 
Mucoperiosteal flap
If the small or medium-sized fistulas were localized asymmetrically and anteriorly, a C-shaped mucoperiosteal flap was elevated around the fistula and used to achieve the nasal layer. The flap was elevated on the other side and rotated over the defect to create the oral layer (Figure 3, 4 ). The required rotation flap could be larger than expected. Alternatively, if the fistula was localized at the junction or at the soft palate, the incisions were made around the fistula and turned inside and sutured together to achieve the nasal closure. Then, bilateral unipedicled (two-flap palatoplasty technique) or bipedicled mucoperiosteal flaps (Von Langenbeck) were elevated, advanced toward the middle, and sutured together ( Figure 5 
Statistical Analysis
Statistical analysis was performed using the GraphPad Prism software (GraphPad Software Inc., CA, USA). Descriptive data were expressed in mean ± standard deviation (SD), median (min-max), or number and frequency. The Fisher's exact test was used for statistical analysis. A P value of <0.05 was considered statistically significant.
RESULTS
Of all patients, 22 were males and 22 were females. The mean age was 14.3 (range, 5 to 32) years. The mean age at the time of the first repair was 19.3 (range, 9 to 120) months. The mean age at the time of fistula repair was 7.7 (range, 4 to 29) years. The mean follow-up was 5.4 (range, 2 to 7) years. Demographic and clinical characteristics of the patients are shown in Table I . 
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The most common types of cleft were bilateral cleft lip and palates (n=16, 36.4%) and isolated cleft palates (n=16, 36.4%). Unilateral complete cleft lip and palate was seen in 12 patients (27.2%). The mean fistula size was 1.12 (range, 0.8 to 1.5) mm for anterior fistulas which were repaired with a tongue flap and 0.4 (range, 0.3 to 0.5) mm for anterior fistulas which were repaired with a mucoperiosteal flap. The mean fistula size was 0.85 (range, 0.7 to 1) mm for posterior fistulas which were repaired with a buccal mucosal flap and 0.4 (range, 0.3 to 0.5) mm for posterior fistulas which were repaired with a mucoperiosteal flap. The number of the patients with an anterior fistula was 27 (61.4%). Among these, 14 patients (31.8%) underwent tongue flap surgery and 13 patients (29.5%) underwent mucoperiosteal flap reconstruction. Successful outcomes were obtained in 71.42% (10/14) of the patients with tongue flap and 76.92% (10/13) of the patients with mucoperiosteal flap. (Figure 3 ). There was no statistically significant difference in the success rate according to the operation technique (tongue flap versus mucoperiosteal flap) in the anterior fistula group (p>0.05). The number of the patients who developed a posterior fistula was 17 (38.6%). In 13 (29.5%) of them, mucoperiosteal flap was performed and four (9.1%) underwent buccal mucosal flap surgery. Successful outcomes were obtained in 84.6% (11/13) of the patients with mucoperiosteal flap and 75% (3/4) of the patients with buccal mucosal flap (Figure 4 ). There was no statistically significant difference in the success rate according to the operation technique in the posterior fistula group (p>0.05) (Table II) . The overall surgical success rate was 77% (34/44), with fistulas remaining in 23% (10/44) of the patients. All four of 14 patients who were treated with a tongue flap and failed were younger than six years. The failure patient group who were repaired with a mucoperiosteal flap or buccal mucosal flap had no similar history. There was no syndromic patient in the present study. The patients who were unresponsive to these treatments were reevaluated for next operations at least one year later (data not shown).
DISCUSSION
In the present study, we evaluated treatment success and failure in patients with palatal fistulas following cleft palate repair. Our study results showed that the surgical technique applied in our facility yielded comparable outcomes with the previous findings reported in the literature. Palatal fistula is the most common complication of cleft palate surgery and fistula formation may occur even with the best hand. In the literature, recurrence rate following palatal fistula closure has been reported as 25% to 33% [1] . As the risk of fistula formation increases with every failure, all attempts should be made for successful palate repair during the first surgery.
Oronasal fistulas, which mainly demonstrate nasal regurgitation and speech problems, occur in 4 to 35% of cases [1] . Previous studies have shown that the incidence of oronasal fistulas ranges from 5 to 60% (1, 2, 18, 19) . A meta-analysis of 11 studies involving 2.505 children reported that the rate of fistula formation following primary palatal surgery was 4.9% [3] . In our study, the clinical rate of fistula formation was 6.76% during a 15-year study period. The variety of surgical techniques indicates the lack of consensus on the optimal treatment technique in palatal fistulas. Repair of palatal fistula is a challenging procedure for cleft palate surgeons.
Using intraoral flaps rather than external flaps has been reported to be associated with fewer donor site problems [16] .
In a study investigating applications in intraoral reconstruction using three different techniques, Bianchi et al., reported that buccinator flaps were a good choice for the reconstruction of mid-sized oral cavity defects with a complication rate of 7%, which is not consistent with our findings [16] . In this study, although the number of repairs with the buccal mucosa flap was low, the complication rate was about 25% (1/4).
In the present study, there was a significant correlation between the anterior fistula occurrence and bilateral cleft palate. Bukowski et al., reported that patients with complete bilateral clefts (Veau IV classification) were more likely to develop a fistula [3] . Similarly, Phua et al., reported that anterior fistulas were more common in patients with a bilateral cleft lip and complete cleft palate [5] . Due to previous cleft palate repair, scar formation on the mucoperiosteal flap area makes this technique complicated for closure (2, 20, 21) . Muzaffar et al., reported a success rate of 67% [2] . However, Cohen et al., reported a success rate of 33% in their study [1] . On the contrary, Emory et al., achieved successful results in 91% of cases [19] . In the present study, mucoperiosteal flaps were used for fistulas less than 5 mm, the success rate with this technique was 76.92% for anterior fistulas and 84.62% for posterior fistulas. The tongue flap can be used to treat large anterior fistulas without causing any donor site problems. A donor site scar is acceptable, if there is no limitation on the tongue mobility or taste sensation [22] . However, the main disadvantage of this technique is that it is a two-stage procedure with possible intubation and extubation problems and impaired quality of 
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Original Article life between the procedures. In addition, age is another factor which precludes to achieve successful results in young cases. Our findings demonstrated that using a tongue flap was a safe and effective method of treatment for large fistulas greater than 5 mm with a success rate of 71.42%. A posterior fistula is more commonly related to syndromic causes. Most cases less than 5 mm can be closed with a mucoperiosteal flap, greater than 5 mm can be closed with posterior based buccal mucosal flaps. But in patients with a very large fistula, free flap transfer is recommended. However, compared to other surgical techniques, free flaps require prolonged duration of surgery and hospitalization and may lead to donor site morbidities. In the present study, none of our patients were treated with free tissue transfer. Furthermore, many surgeons use adjunctive therapies such as dermis or other barriers during fistula repair [22, 23] . In the present study, however, no foreign materials or autologous dermal tissues were used. In the literature, fistulas are often classified into three localizations: hard palate, soft palate, and junction of the hard and soft palate. Where applicable, it is recommended to repair symptomatic fistulas with mucoperiosteal flaps and large fistulas with tongue flap versus free flaps [24] . In our study, we mainly classified fistulas as anterior and posterior. Posterior fistulas include the soft palate and junction area with similar closure techniques. This algorithm simplifies the decision-making process. Despite satisfactory cleft palate repair outcomes, the main limitations of the present study include its small sample size and retrospective design which precludes establishing a novel treatment algorithm for this patient population. In addition, in our study, we mainly classified palatal fistulas as anterior and posterior, and the fistulas located at the hard-soft palate junction were also considered posterior fistulas. Therefore, further large-scale and long-term prospective studies with a thorough classification are needed to draw a definite conclusion.
Conclusion
In conclusion, although not statistically significant, the success rate was significantly higher for tongue flap and mucoperiosteal flap in the anterior fistula group. Based on our study results, we suggest that mucoperiosteal flaps can be used for both posterior and anterior fistulas as the first choice, guided by the principle of replacing tissue with similar tissue with low failure and low morbidity rates. If the palatal tissues are not available, the tongue flap for anterior fistulas and buccal mucosal flap for posterior fistulas are preferred. Although, further studies are still needed, we believe that surgical techniques to gain a better understanding of developmental anatomy are valuable.
